Introduction
Already in 1960, Guttman simulated equilibrium properties of binary solid systems by the use of an electronic computer (Guttman 1961) . In this study equilibrium states of order were computed for ordering BCC alloys, where the atomic interactions were defined according to the Ising model. From the variation of the degree of order as a function of temperature other thermodynamic properties were derived. However, in this work only the atomic order was investigated with no allowance for vacancies.
On the other hand, diffusion in concentrated binary alloys was simulated by Bakker, et a1 (1976) . In the latter study a single vacancy was allowed to migrate by nearestneighbour jumps through a BCC (computer) lattice in thermodynamic equilibrium. applying a model of only nearest-neighbour interactions. For the kinetics of diffusion the results ofthese Monte Carlo simulations were presented in the paper mentioned above. The present paper will show the results for the statics of order and disorder: the longand short-range order parameters for atoms and vacancies, describing states of thermodynamic equilibrium. Furthermore, the computer simulation results will be compared with the analytical calculations of Kikuchi and Sat0 (1969, 1970; see also Bakker 1979) .
The alloy model
We consider a concentrated binary alloy A,B, -, with the B2 (CsCl) structure. This is a body-centered cubic structure, consisting of two interpenetrating simple cubic sublattices, indicated by a and fi. The vacancies can walk through the lattice by means of jumps to nearest-neighbour positions. The jump frequency of the vacancy to a particular nearest-neighbour site is determined by the energy difference of the jumping atom in its equilibrium position and in its saddle-point. Similar to Kikuchi and Sat0 (1969, 1970 ) the saddle-point energy is assumed to be independent of the detailed neighbourhood of the saddle-point position, but only dependent on the species of the jumping atom.
Computer simulation
The BCC computer lattice, consisting of 6750 sites, was divided into two interpenetrating simple-cubic sublattices, containing 15 x 15 x 15 sites each. The lattice was filled with A and B atoms in the desired concentration ratio. For given values of the temperature and the interaction energies the thermodynamic equilibrium state of order was constructed by a method following Guttman (1961) . To avoid surface effects periodic boundary conditions were applied.
Then a vacancy was introduced at a random lattice site. The vacancy was allowed to exchange with one of the eight neighbouring atoms. Thereby the probability for any atom to perform the actual jump was made proportional to its jump frequency. After the vacancy was transferred to its new position, the Monte Carlo procedure for the selection of the next jump was repeated, etc.
The atoms and the vacancy were represented by sixty-bit computer words, in which all relevant information was stored. The positions of these computer words in a linear 6750 array were representative for the positions of the atoms and the vacancy in the lattice.
Preceding the actual computations the first thousand jumps of the vacancy were carried out in order to establish thermodynamic equilibrium in the lattice after the introduction of the vacancy. Then the order parameters and their standard deviations were calculated on the basis of 40 subsequent runs of a thousand jumps each. To measure the long-range order of the simulated lattice we have chosen the quantities c> and 2:. The parameters p"AB,, pa,{ and gi were taken as characteristic for the shortrange order. (See the table for the definitions of these and other relevant quantities and the relations between them).
The atomic long-range order parameter c; was determined from countings of the number of A atoms on the a sublattice.
The long-range order parameter for vacancies was calculated from the ratio of diffusion times q = ta/t.
(1)
Hereby tu is defined as the total time of stay of the vacancy on the a sublattice and t whereby stands for the sum of the eight frequencies with which the vacancy can jump to each of its neighbouring sites at the ith jump from the tl sublattice.
The atomic short-range order parameter pi% denotes the probability that a specified nearest-neighbour position of an A atom on the a sublattice is occupied by a B atom.
Values of pi$ resulted from countings of the number of AB pairs.
The short-range order parameters for vacancies p t i and p$ were obtained from the average number of A atoms surrounding a vacancy on the SI and p sublattice. For the right evaluation of these parameters the neighbourhood of the vacancy was inspected at fixed time intervals. For the a and p sublattice the inspections were carried out separately on the basis of separate clocks, according to equation (3). The time interval was chosen somewhat larger than the maximum possible time of stay of the vacancy on a lattice site. In this way at least one jump had occured before the A and B neighbours of the vacancy were counted again.
For given values of cA, c,, VAA, VBB, VAB and the temperature T the degree of order is completely characterised by the five computed parameters (ci, Et, pi%, p",). gB are evaluated from pipB with the aid of T16 and T17;
Results and discussion
For three compositions and for five values of U = (vBB -vAA)/2V the short-and longrange order parameters for atoms and vacancies were computed as a function of V/kT The results from these computer simulations are shown in the figures 1-4 as open circles. It was confirmed that during the simulation of the vacancy migration the degree of order of the lattice, constructed following Guttman (1961) , was essentially maintained. Only fluctuations around an average value were observed. Kikuchi and Sato (1970) . tions T8 and T9. For pibB a similar relation holds 'lkT) = . &A(' -'A, 'lkT) ( 
)
Therefore only two plots have been drawn for c i and &OB (figures 1 and 3) .
On the other hand the order parameters for the vacancies do depend on U. In figure  2(a), (b) , (c) plots of E: are shown for seven different cases, from which other cases can be obtained by the use of
From this relation it follows that for cA = 0.5 and U = 0, E: equals 0.5 for all values of V/kT. For p t t , displayed in figure qa), (b) , (c), we have
Plots of eA are not given, because the behaviour of this quantity is essentially the same as for the other parameters. For comparison, the results of the analytical calculations of Kikuchi and Sat0 (1969, 1970) are shown in figures 1-4 as solid lines. From these plots it is observed that for T 4 T, and T > T, there is good agreement for the atomic order parameter as well as for the parameters describing the state of order for vacancies. From the variation of the order parameters with temperature it appears also that the Kikuchi ordering temperature is higher than the simulated ordering temperature. Furthermore, when the results of Kikuchi and Sato are normalised with respect to the right ordering temperature, the agreement is almost perfect. 
